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Transport:	Ver2cal	advec2on	vs	quasi-horizontal	mixing	
	
	
•  Randel	et	al.	[2007]:	large	seasonal	cycle	in	
upwelling	is	a	response	for	seasonal	changes	
in	ozone.	
•  	Abalos	et	al.	[2012,	2013]	and	Ploeger	et	al.	
[2012]	show	the	importance	of	eddy	mixing	
The	balance	between	upwelling	and	quasi-
horizontal	mixing	in	the	tropical	lower	
stratosphere	is	not	well	understood!	
There	studies	have	focused	on	variaDons	in	tracers	and	processes	in	the	tropic-wide	
average	(20oN-20oS),	i.e.	have	considered	“well-mixed”	tropics.		
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Southern	tropics	(ST)	are	diﬀerent	from	Northern	tropics	(NT)	
•  Larger	annual	amplitude	in	NT.	
•  2-3	month	shia	in	phase.	
Hemispheric	diﬀerences	in	ozone	annual	cycle	
Annual	cycle	
amplitude	of	
ozone	(%	relaDve	
to	the	mean)	from	
satellite	
observaDons		
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[Stolarski	et	al.,	2014]		
MAIN	QUESTIONS	
1.  Do	Chemistry	Climate	Models	(CCMs)	capture	the	observed	
diﬀerences	between	the	NT	and	ST?			
	
2.  What	processes	control	the	ST	and	NT	annual	cycles	in	the	models?	
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CCMVal	-2	MODELS	
Model	Simula2ons:	1960	to	2010	simulaDon	of	the	models	from	CCMVal-2		
mulD-model	intercomparison	project	
v  18	CCMs:	all	transient	(historical)	runs	with	nearly	idenDcal	forcings	
(GHGs,	ODSs,	ect).		
	
Satellite	observa2ons:	
v  Version	3	and	4	of	the	Aura	Microwave	Limb	Sounder	(MLS)	[Livesey	et	
al.,	2008]	
v  	the	Ozone	Mapping	and	Prole	Suite	(OMPS)	on	board	NASA/NOAA	
Suomi-NPP	satellite	[Kramarova	et	al.,	2014]	
v  	the	Stratospheric	Aerosol	and	Gas	Experiment	II	(SAGEII)	[Wang	et	al.,	
2002]	
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La2tude-pressure	varia2ons	in	ozone	seasonality	
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MULTI-MODEL	COMPARISON		
•  Distinguished between NT 
(0-20oN) and ST (0-20oS) 
  
•  In  most of CCMVal-2 models  
 NT amplitude > ST 
 amplitude. 
 
•  Large spread in amplitudes 
among models. 0.0 0.05 0.10 0.15 0.20ST Amplitude O3 (ppmv)
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Do	Chemistry	Climate	Models	(CCMs)	capture	the	observed	diﬀerences	
between	NT	and	ST?				
ST:	spread	in	w*	amplitude	
among	CCMVal-2	models	
“explains”	most	of	spread	in	O3	
amplitude	
	
Conclusion:	upwelling	is	
controlling	factor	in	the	ST		
Does	seasonality	in	upwelling	explain	seasonality	in	ozone?			
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Range	of	amplitudes	in	O3	
from	observaDons	and	w*	
from	reanalysis			
NT:	no	relaDonship	between	w*	
amplitude	and	O3	amplitude	
among	CCMVal-2	models.	
	
Conclusion:	other	factors	
determine	ozone	seasonality	
(mixing	may	be	more	important)	
Does	seasonality	in	upwelling	explain	seasonality	in	ozone?			
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Quan2fying	transport	aﬀects	on	ozone	seasonality	
1.  Two	models	from	CCMVal-2	project:	WACCM	and	GEOSCCM		
2.  DisDnguished	between	NT	(0-	18oN)	and	ST(0-18oS)		
3.		Transform	Eulerian	Mean	analysis	(TEM)	[Andrews,	1987]:	
	
	
	
	
	
	
-to	isolate	role	of	verDcal	transport	(red),	horizontal	transport	(green),	and	
chemistry	(blue).	
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Processes	controlling	the	NT	and	ST	annual	cycles	
v  NT	–	horizontal	mixing	is	a	
dominant	cause	of	
seasonality		
dO
3	/
dt
	(P
pb
v/
da
y)
	 GEOSCCM	(85hPa)	 WACCM	(86hPa)	
v  ST	–	upwelling	is	a	
dominant	cause	of	
seasonality		
	
dO
3/
dt
	(P
pb
v/
da
y)
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Zonal	varia2ons	in	annual	cycle	amplitude	
v  July:	Inﬂow	of	ozone	rich	
air	from	NH	extratropics	
into	the	tropics	by	N.	
American	and	Asian	
Summer	Monsoon	
	
v  January:		Ozone	is	mixed	
into	the	tropics	over	
AtlanDc	and	Paciﬁc	
oceans	by	Rossby	wave	
breaking	
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CONCLUSIONS	
	
v  Paradigm	of	well-mixed	tropics	have	to	be	reconsidered		
v  The	majority	of	the	CCMs	produced	the	observed	feature	of	a	larger	
annual	cycle	in	the	NT	than	ST	
v  The	spread	among	the	models	much	larger	than	in	observaDons	
suggesDng	large	diﬀerences	in	transport	among	the	models		
	
v  NT-ST	contrast	is	due	to	diﬀerences	in	balance	between	transport	
processes:		
v  Seasonality	in	upwelling	is	most	important	in	the	ST	
v  Seasonality	in	horizontal	mixing	–	in	the	NT. 		
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